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CONVERSION  FACTORS,  INCH-POUND  TO  METRIC  (SI) 
UNITS  OF  MEASUREMENT 


Inch-pound  units  of 

measurement  used  in  this 

report  can  be  converted  to 

metric  (SI)  units  as 

follows : 

Multiply 

By 

To  Obtain 

feet 

0.3048 

metres 

inches 

25.4 

millimetres 

kips  (force) 

4448.222 

newtons 

kips  (force)  per 
foot 

1459.3904 

newtons  per  metre 

kips  (force)  per 
inch 

175126.8 

newtons  per  metre 

kips  (force)  per 
square  foot 

47.88026 

kilopascals 

kips  (force)  per 
square  inch 

6.894757 

megapascals 

kip  (force)-feet 

1355.818 

newton-metres 

kip  (force)-inches 

112.9848 

newton-metres 

pounds  (force) 

4.448222 

newtons 

pounds  (force)  per 
square  inch 

0.006894757 

megapascals 

pounds  (mass)  per 
cubic  foot 

16.01846 

kilograms  per  cubic 
metre 

square  inches 

6.4516 

square  centimetres 
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STRENGTH  DESIGN  OF  REINFORCED  CONCRETE 
HYDRAULIC  STRUCTURES 

DESIGN  AIDS  FOR  USE  IN  THE  DESIGN  AND  ANALYSIS  OF  REINFORCED 
CONCRETE  HYDRAULIC  STRUCTURAL  MEMBERS  SUBJECTED  TO 
COMBINED  FLEXURE  AND  AXIAL  LOADS 


PART  I:  INTRODUCTION 


Purpose 

1.  This  report  is  a  presentation  of  design  aids  for  use  in  the 
design  and  analysis  of  reinforced  concrete  hydraulic  structural  members 
subjected  to  combined  uniaxial  bending  and  axial  loads.  They  are  in¬ 
tended  to  save  the  designer  the  effort  of  performing  certain  routine, 
repetitious  calculations. 

2.  These  design  aids  are  calculated  in  accordance  with  the 
strength  design  method  developed  in  the  second  phase  of  this  study,* 
which  is  a  modification  of  the  strength  design  method  of  the  current 
"Building  Code  Requirements  for  Reinforced  Concrete,"  ACI  318-77. **  The 
notations  used  are  the  same  as  those  used  in  ACI  318-77,  except  those 
defined  in  this  report. 


Scope 

3.  The  load-moment  strength  interaction  diagrams  presented  herein 
use:  (a)  nominalf  axial  stress  P^/bd  rather  than  axial  load,  (b)  an 


*  Tony  C.  Liu.  "Strength  Design  of  Reinforced  Concrete  Hydraulic 
Structures;  T-Wall  Design"  (in  preparation),  Technical  Report  SL- 
80-4,  Report  3,  U.  S.  Army  Engineer  Waterways  Experiment  Station,  CE, 
Vicksburg,  Miss. 

**  American  Concrete  Institute.  1977.  "Building  Code  Requirements 
for  Reinforced  Concrete,"  ACI  318-77,  Detroit,  Mich.,  hereinafter 
referred  to  as  ACI  318-77. 

t  In  this  report  subscript  N  means  nominal;  in  ACI  318-77  and  Re¬ 
ports  1  and  3  of  this  series  the  usage  is  n  . 
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index  of  moment  P^,e/bd  or 
(c)  the  reinforcement  ratio. 


Mjj/bd2 

Thus , 


rather  than  moment  itself,  and 
the  load-moment  strength  interaction 


diagrams  are  not  related  to  specific  member  sizes,  loads,  moments,  or 
numbers  and  sizes  of  bars.  The  designer  can  determine  the  optimum  de¬ 
sign  for  a  particular  situation  instead  of  merely  selecting  the  member 
size  and  quantity  and  size  of  bars. 

4.  The  basic  design  assumptions  are  as  follows: 

a.  Maximum  usable  strain  at  extreme  concrete  compression 

fiber  should  be  assumed  equal  to  0.003.  The  allowable 
strain  at  extreme  concrete  compression  fiber  should 

be  limited  to  0.5  for  hydraulic  structures. 

Balanced  conditions  exist  at  a  cross  section  when  the  ten¬ 
sion  reinforcement  reaches  the  strain  corresponding  to  its 
specified  yield  strength  fy  just  as  concrete  in  compres¬ 
sion  reaches  its  assumed  allowable  strain  ew  . 

M 

c.  Concrete  stress  of  0.85  f£  should  be  assumed  uniformly 
distributed  over  an  equivalent  compression  zone  bounded  by 
edges  of  the  cross  section  and  a  straight  line  located 
parallel  to  the  neutral  axis  at  a  distance  a  =  £>MC  from 
the  fiber  of  maximum  compressive  strain. 

d.  Factor  8^  should  be  taken  as  0.55  for  concrete  strengths 

fc  up  to  and  including  4000  psi.*  For  strengths  above 

4000  psi,  should  be  reduced  continuously  at  a  rate  of 

0.05  for  each  1000  psi  of  strength  in  excess  of  4000  psi, 

but  B,,  should  not  be  taken  less  than  0.50. 
n 

5.  Design  examples  illustrating  the  use  of  the  design  aids  are 
presented  in  the  Part  II.  The  design  aids  in  the  form  of  tables  and 
diagrams  are  given  in  Part  III. 

6.  An  explanation  of  how  each  design  aid  was  calculated  is  given 
in  Appendix  A. 


*  A  table  of  factors  for  converting  inch-pound  units  of  measurement  to 
metric  (SI)  units  is  presented  on  page  3. 
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PART  II:  DESIGN  EXAMPLES 


Example  1 


7.  Select  the  minimum  effective  depth  d  for  a  rectangular  sec¬ 
tion  subject  to  pure  bending. 

Given:  M  =  1205.21  kip-in. 

-  u 

f '  =3  ksi 
c 

f  =40  ksi 

y 

b  =  12  in. 

p  =  0.25  pu  =  0.00928 
max  b 

<p  =  0.9 


Procedure: 
Step  1: 


Determine 


“n 


1205.21 

0.9 


1339.12  kip-in. 


Step  2:  Determine  M^/bd  and  compute  d  . 

Enter  any  interaction  diagram  for  f^  =  3  ksi, 
f  =40  ksi,  and  p  =  0.00928  and  read 

y 


Then  calculate 


bd2 
d  as 


0.348  at 

follows: 


d 


V 


0.348b 


■4 


1339.12 
0.348  x  12 


=  17.91  in. 


A  =  pbd 
s 

=  0.00928  x  12  x  17.91 
=  1.994  in.2 

USE:  d  =  18  in.  and  A  =  2.00  in.2 

s 
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9. 


Select  the  member  thickness  h  and  reinforcement  for  a  single 


reinforced  rectangular  section  subjected  to  combined  flexure  and  compres¬ 


sive  axial  load. 

Given: 


M  =  1368  kip-in. 
u 

P  =  28.50  kips 
u 

f  *  =  3  ksi 
c 

f  =  40  ksi 

y 

b  =  12  in. 


Concrete  cover  =  3  in. 


Procedure : 


1st  Trial:  h  =  21  in.  and  No.  9  bars 
Step  1.1;  Determine  h/d  . 

From  Table  3,  for  3-in.  concrete  cover  and  No.  9 
bars,  h/d  =  1.20  for  h  =  21  in. 

Step  1.2:  Calculate  p  . 


_!y_  _ _ 28J, _ 

f'bh  3  x  12  x  21  U,0J/7 

c 


From  Figure  1,  $  =  0.82  for 


Fbh  -  °’0377 


Step  1.3:  Calculate  M^,/bd  and  P^/bd 


=  1668.3  kip-in. 


P  =  — 

N  d> 


28.50 


=  34.8  kips 


For  h/d  =  1.20  ,  d  =  21/1.20  =  17.5  it 
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Therefore 


_ 1668.3 

.  .2  12  x  17.5  x  17.5 

bd 


0.454 


=  34.8 

bd  12  x  17.5 


0.166 


Step  1.4:  Determine  reinforcement  ratio. 

2 

From  Figure  4,  for  M^/bd  =  0.454  , 

PN/bd  =  0.1657  ,  and  h/d  =  1.20  ,  p  =  0.01]  . 
Since  this  p  value  is  greater  than  the  maximum 
allowable  value  of  0.25p^  (0.25pb  =  0.00928), 

a  larger  section  is  required. 

2nd  Trial:  h  =  22  in.  and  No.  9  bars 
Step  2.1:  Determine  h/d  . 

From  Table  3,  for  3- in.  concrete  cover  and  No.  9 
bars,  h/d  =  1.19  . 

Step  2.2:  Calculate  <J>  . 

Pu  _  28.5  _ 

f'bh  3  x  12  x  22  ~  0-036 
c 

From  Figure  1,  =  0.83  for  P  /f'bh  =  0.036  . 

u  c 

Step  2.3:  Calculate  M^/bd^  and  P^/bd  . 


M  -  IM 
0.83 


1648.2  kip-in. 


28.50 
N  0.83 


34.3  kips 


For  h/d  =  1.19  ,  d  =  22/1.19  =  18.49  in. 
Therefore, 


^N_  =  _ 1648.2 _ 

,  ,2  12  x  18.49  x  18.49 

bd 


0.402 
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bd  12  x  18.49 


Step  2.4:  Determine  reinforcement  ratio. 

For  M^/bd2  =  0.402  and  PN,/bd  =  0.157  , 
Figure  3, 

^  =  1.10  p  =  0.0092 

d 


From  Figure  4, 


4  =  1.20  p  =  0.0090 
d 

By  interpolation 

^  =  1.19  p  =  0.00902  <  0.00928 
d 

USE:  h  =  22  in. 

A  =  0.00902  x  18.49  x  12 
s 

=  2.00  in.2 

2 

Two  No.  9  bars  will  yield  A  =2.00  in. 

s 


Example  4 

10.  Determine  reinforcement  required  for  a  double  reinforced 
rectangular  section  subjected  to  combined  flexure  and  compression. 
Given:  f^  =  3000  psi 

f  =40  ksi 

y 

b  =  12  in. 

h  =  24  in. 

M  =  2160  kip-in. 
u  r 

P  =  90  kips 
u  r 

Concrete  cover  =  2  in. 


Procedure : 


Step  4:  Determine  reinforcement  requirements. 

1st  Trial :  Assume  p  =  0.0075  . 

For  f’  =  3  ksi,  f  =  AO  ksi,  h/d  =  1.10,  use 
c  y 

Figure  44.  From  this  figure,  it  can  be  found 

2 

that  the  intersection  of  M^/bd  =  0.556  and 

P  /bd  =  0.498  is  outside  of  the  interaction 
N 

curves.  This  implies  that  the  assumed  p  =  0.0075 
is  not  sufficient. 

2nd  Trial:  Assume  p  =  0.0100  . 

For  f '  =3  ksi,  f  =40  ksi,  h/d  =  1.10,  use 

c  y  2 

Figure  49.  From  Figure  49,  for  M^/bd  =  0.556 

and  P„/bd  =  0.498  ,  read  p'  =  0.0050  .  From 
N  2 

Figure  50,  for  h/d  =  1.20  ,  M^/bd  =  0.556  , 
and  P^/bd  =  0.498  ,  read  p'  =  0.0075  .  By 
interpolation  p'  =  0.0054  for  h/d  =  0.116  . 
Therefore, 

A  =  pbd  =  0.01  x  12  x  21.5  =  2.58  in.2 

S  2 
A'  =  p'bd  =  0.0054  x  12  x  21.5  =  1.39  in. 
s 

USE:  Two  No.  10  bars  for  A  (A  =  2.54  in.2) 

s  s  2 

and  two  No.  8  bars  for  A'  (A1  =  1.58  in.  ) 

s  s 

The  actual  d  =  24  -  2  -  — ^-2- 
=  21.36  in. 

This  is  close  to  the  assumed  value  of  21.5  in. 

This  design  is  acceptable.  No  additional  trial 
is  necessary. 


Example  5 


11.  Determine  reinforcement  requirement  for  a  double  reinforced 

rectangular  section  subjected  to  combined  flexure  and  tension. 

f’  =  3000  psi 
c  r 

f  =48  ksi 

y 


Given: 


b  =  12  in. 

h  =  29  in. 

M  =  317.62  kip-in. 
u 

P  =  -222.26  kips 
u 

Concrete  cover  =  4  in. 

Procedure: 

Step  1:  Assume  d  =  24.5  in.  and  d'  =  4.5  in. 

Therefore,  h/d  =  1.18  and  d'/d  =  0.18  . 

2 

Step  2:  Calculate  M^/bd  and  P^/bd  • 

Since  P  is  in  tension,  use  4>  =  0.9  and 
u 


p 

u 

-222.26 

<fi  ■ 

0.9 

M 

u 

317.62 

' 

0.9 

PN 

-246.96 

bd  12  x  24.5 


.84 


% 

bd' 


352.91 


12  x  24.5  x  24.5 


=  0.049 


Step  3:  Determine  reinforcement  requirements. 

1st  Trial:  Assume  p  =  0.0100  . 

From  Figure  74,  for  p  =  0.0100  and  h/d  =  1.10  , 

2 

the  intersection  of  M^/bd  =  0.049  and 

P  „./bd  =  -0.84  is  at  the  intersection  curve  of 
N 

p'  =  0.0075  .  Similarly,  from  Figure  75,  for 
p  =  0.0100  and  h/d  =  1.20  ,  read  p’  =  0.0075  . 
Therefore,  no  interpolation  is  required  for 
h/d  =  1.18  . 

A  =  pbd  =  0.010  x  12  x  24.5  =  2.94  in.2 

3  2 
A'  =  p'bd  =  0.0075  *  12  x  24.5  =  2.205  in. 
s. 
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USE:  Three  No.  9  bars  for  A  (A  =  3.00  in.^) 

s  s 

Two  No.  8  bars  and  one  No.  7  bar  for  A' 

2  s 
(A'  =  2.18  in.  ) 
s 

1  1 

The  actual  d  =  29  -  4  -  -y- 
=  24.43  in. 


This  d  value  is  close  to  the  assumed  value  of 
24.50  in.  The  design  is  acceptable. 


Example  6 


12.  Determine  the  allowable  factored  moment  strength  for  a  double 
reinforced  rectangular  section. 

Given:  f ^  =  3000  psi 


f  =40  ksi 

y 

b  =  12  in. 


h  =  24  in. 
d  =  20  in. 
d'  =  4  in. 


A  =  1.80  in. 
s 


A'  =  1.20  in. 
s 


P  =  311  kips 
u 


Procedure: 


Step  1:  Determine  h/d  , 


and 


—  =  —  =  1.20 

d  20 


P  = 


1.80 


12  x  20 


0.0075 


1.20 


12  x  20 


=  0.0050 


Step  2:  Calculate  4>  . 


311 

3  x  12  x  24 


0.36 


From  Figure  1,  <j>  =  0.7  . 

Step  3:  Calculate  PN/bd  ■ 


P 


N 


p 

—  =  ^4  =  444.29  kips 
$  0.7 


_  444.29 
bd  ”  12  x  20 


1.85 


From  Figure  45  for  p  =  0.0075  ,  p'  -  < 
P^/bd  =  1.85  ,  read  M^/bd2  =  0.51 

=  0.51  x  12  x  20  x  20 


and 


=  2448  kip-in. 

Mu  =  =  0.7  x  2448 

=  1713.6  kip-in. 


15 


.0050 


PART  III:  DESIGN  AIDS 


13.  Tables  1-9  and  Figures  1-193  are  the  design  aids  for  use  in 
the  design  and  analysis  of  reinforced  concrete  hydraulic  structural 
members  subjected  to  combined  uniaxial  bending  and  axial  loads. 
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Values  of  h/d 


Table  2 

for  2.5-in.  Concrete  Cover 


<_n  u 


f 


f 


h 

>  l  fir 

he  :  • 

jkC 

.  j  7 

i?8 

1  £ . 

i.i  o 

1 . 

~-.y. 

i . 

i . 

4  0 

i . 

41 

1  3. 

M  1.1 

1 . 

34 

i . 

cr 

_i 

i . 

38 

i . 

Z‘  * 

14. 

Ij  1  j 

1 . 

31 

i . 

Z'C. 

i . 

7*  "« 

i . 

*„•  7* 

15. 

Ij  ft 

1 . 

C.  •“ 

i . 

£9 

i . 

3  0 

t . 

3  ij 

18. 

r  i  i'i 

1 . 

86 

C  i 

i . 

iH  i 

i . 

88 

17. 

0  i'i 

1 . 

£4 

i . 

•  .cr 

L.  J 

i . 

7.  cr 

i . 

1 38 

1 8 . 

0  !*• 

1 . 

C-  z< 

i . 

iZ  Z1 

i . 

£4 

i . 

£4 

19. 

0»i 

1 . 

£  1 

i . 

C.  C 

i . 

c  c 

i . 

L_  -Z* 

£  0 . 

0 1 1 

1 . 

£0 

i . 

£0 

i . 

£1 

i . 

£1 

£1  . 

1 1 0 

1 . 

19 

i . 

19 

i . 

c  0 

i . 

8  0 

CCi 

IJ  II 

1 . 

«  i“. 

1  o 

i . 

13 

i . 

19 

i . 

19 

iT  J'  ■ 

0  0 

1 . 

17 

i . 

17 

i . 

13 

i . 

18 

£4. 

Ij  Ij 

1 . 

18- 

i . 

18- 

i . 

17 

i . 

17 

£5. 

0 

1 . 

15 

i . 

1 8- 

i . 

18- 

i . 

18 

86  • 

0  0 

1 . 

15 

i . 

15 

i . 

15 

i . 

18- 

L.  I  * 

0  f  i 

1 . 

14 

i . 

14 

i . 

15 

i . 

15 

c  o  ■ 

0  ii 

1 . 

13 

i . 

14 

i . 

14 

i . 

14 

89 . 

Ij  1  j 

1 . 

1  3 

i . 

13 

i . 

13 

i . 

14 

U  , 

Ij  I  I 

1 . 

18 

i . 

13 

i . 

13 

i . 

13 

I'C.  • 

Ij  »j 

1 . 

1£ 

i . 

18 

i . 

1  £ 

i . 

1  £ 

34. 

Ij  Ij 

1 . 

1  1 

i . 

1  1 

i . 

1  1 

i . 

1  1 

36  • 

0 1 '• 

1 . 

1  0 

i . 

1  0 

i . 

1 1 

i . 

1  1 

33 . 

0  0 

1 . 

1  0 

i . 

1  0 

i . 

1  0 

i . 

1  o 

4  0 . 

0  0 

1 . 

09 

i . 

U9 

i . 

09 

i . 

1  0 

4£. 

0  0 

1 . 

09 

i . 

09 

i . 

09 

i . 

09 

44. 

0  0 

1 . 

08 

i . 

08 

i . 

08 

i . 

09 

1 .  08 


1 .  08 
1 .  07 


1 .  08 
i .  08 


!  .  4£ 
1 . 38 
1 .  34 
1  .  31 
1 . 89 
1  .  £7 
1 .  £5 
1 .  £3 
1  .  ££ 
1 .  £  0 
1.19 
1.18 


1.13 
1  .  1 3 
1 .  1  £ 
1.11 


1 .  08 
1 .  08 


1.19 

1.18 


1 .  1 3 
1 .  1£ 
1.11 


1  .  09 
1  .  0* 


1  .  08 

1  .  08 


1  .  3 1 1 
1  .  £8 
1.86 


1  .  1  £ 
1.11 


1 .  03 
1  .  03 


54 

0  0 

1 . 

07 

1 . 

07 

i . 

07 

i . 

07 

i . 

07 

i . 

II T 

i 

.  07 

* 

58 

•  j  i  j 

1 . 

08- 

1 . 

06 

i . 

07 

i . 

i  j  r 

i . 

07 

i . 

07 

i 

.  07 

c;o 

0  0 

1 . 

06 

1 . 

06 

i . 

06 

i . 

06 

i . 

07 

i . 

07 

i 

i’i  7 

6  0 

0 1  j 

1 . 

06 

1 . 

06 

i . 

06 

i . 

06 

i . 

06 

i . 

06 

i 

i'i 

6  cl 

Ij  1! 

1 . 

08 

1 . 

06 

i . 

06 

i . 

06 

i . 

06 

i . 

06 

i 

.  08- 

64 

0  ij 

1 . 

05 

1 . 

08 

i . 

06 

i . 

06 

i . 

06 

i . 

Ij  K 

i 

.  06 

66 

ij  0 

1 . 

05 

1 . 

0  5 

i . 

05 

i . 

06 

i . 

06 

i . 

06 

i 

.  06 

6  8 

0  0 

1. 

05 

1 . 

05 

i . 

05 

i . 

05 

i . 

GE¬ 

i . 

06 

i 

.  06 

7  0 

0  o 

1 . 

05 

1 . 

05 

i . 

05 

i . 

05 

i . 

OS 

i . 

05 

i 

.  06 

r  Li 

1  j  1  j 

1 . 

05 

1 . 

05 

i . 

05 

i . 

05 

i . 

05 

i . 

05 

i 

.  05 

1  .  1 8 
1.17 


1  .  08- 

1  .  08 

1  •  08- 

1 .  06 


1 .  £4 

1  .  £  3 


1.18 

1.17 


1  .  1  3 
1 .  1£ 
1 .  1  £ 


1 .  07 
1 .  07 


Table  4 

Values  of  h/d  for  3.5-in.  Concrete  Cover 


Table  5 

Values  of  h/d  for  4.0-in.  Concrete  Cover 


h  BhF'  '  HE 


INC 

hf  :  ■ 

..C 
■»  r  _l 

Si  1  ’ 

a  1  0 

::  1  1 

“14. 

“  1 8 : 

14. 

Ij  t j 

1 . 4C. 

1 . 45 

1 . 48 

1 . 47 

1 . 48 

1  .  4'-‘ 

1.51 

1 . 5  3 

1 . 58 

IS. 

»“i  n 

1.411 

1.41 

1 . 48 

i .  4 

1 . 44 

1 . 45 

1 . 48 

1 . 48 

1 . 5E 

1 8 . 

III! 

1  .  37 

1 . 38 

1  m  -'•T- 

1 . 39 

1.40 

1.41 

1 . 4E 

1.43 

1 . 4” 

17. 

ij  r< 

1  .  34 

1  .  35 

1 . 35 

1  .  36 

1  .  37 

1  .  37 

1 . 35 

1.4M 

1.43 

1 

I'm 

1 . 38 

1 . 3£ 

1  .  3  ? 

1 . 3  3 

1  .  3-t 

1  .  35 

1  .  35 

1 . 37 

1.4M 

19. 

Ij  II 

1  .  £9 

1  .  3  0 

1 .  3  0 

1 . 3 1 

1 . 8£ 

1  .  3£ 

1 . 3  3 

1  .  34 

1  .  37 

2  11 . 

0  u 

1  .  £7 

1  .  £8 

1  .  £9 

1  .  £9 

1  .  3  m 

1  .  3  0 

1 . 3  1 

1  .  3£ 

1  .  34 

El  . 

i  j  ij 

1  .  £8 

1.36 

1  .£7 

1  .£7 

1  .  £8 

1  .  £8 

1  .  £9 

1 . 3  0 

1 . 3£ 

c.  c  • 

1  j  f! 

1  .£4 

1  .  £5 

1 .  £5 

1  a  26> 

1  .  2»r 

1  .  £7 

1.27 

1 .  £8 

1  .  30 

d  3 . 

1  j  !’• 

1  .  £3 

1  .  £3 

1  .£4 

1  .  £4 

1  .  £5 

1  .  £5 

1  .  £8 

1 .  £7 

1  .  £9 

£4 . 

0  !  j 

lalZ.il 

1  .  ££ 

1  .  £3 

1  .  £3 

1  .  £3 

1  .  £4 

1  .  £4 

1 .  £5 

1  .  £7 

~i  cr 

1  j  1 j 

1 .  £  1 

1  .  £  1 

1  a  iZ!  iZ. 

1 .  ££ 

1 .  ££ 

1  .  £3 

1  .  £3 

1  .  £4 

1  a  C'6 

26*  - 

ij  o 

1 .  £  0 

1  .  £  0 

1 .  £1 

1 .  £  1 

1  .  £  1 

1  .  ££ 

1  .  ££ 

i  •  L 

1  .£5 

C.  i'  • 

i  j  ij 

1.19 

1.1* 

1 .  £  0 

1 .  £  0 

1 .  £  0 

1  .  £1 

1  .£1 

1  .  EE 

1 .  £  3 

C  » 

i j  o 

1.18 

1.19 

1.19 

1.19 

1.19 

1  .  £  0 

!  .  £  0 

1  .£1 

1 . 22 

£9 . 

ij  ft 

1.17 

1 .  1 8 

1.18 

1.18 

1.19 

1.19 

1.19 

1  .  £  0 

1 .  £1 

3  0 . 

Ij  !  j 

1  .  17 

1.17 

1.17 

1 .  18 

1.18 

1.18 

1.19 

1.19 

1  .  £1 

-Z‘  iZ.  a 

i j  0 

1 .  18 

1  .  It. 

1.18 

1.18 

1.17 

1.17 

1.17 

1.18 

1.19 

34. 

0  0 

1.15 

2  .  15 

1.15 

1.15 

1.18 

1  a  1  O 

1.18 

1  .  17 

1.18 

36  - 

1  j  Ij 

1 .  14 

1.14 

1.14 

1  .  14 

1.15 

1.15 

1.15 

1.18 

1.17 

38 , 

0  ij 

1 .  1 3 

1 .  1 3 

1.13 

1.13 

1  .  14 

1.14 

1.14 

1 .  15 

1.18 

4  0 . 

0  0 

1 .  12 

1 .12 

1 .  1  £ 

1  .  1  3 

1.13 

1 .  1 3 

1  .  1  3 

1  .  14 

1.  15 

42. 

Ij  1  j 

1.11 

1.  1£ 

1 .  1  £ 

1 .  1£ 

1 .  1  £ 

1 .  1  £ 

1.13 

1.13 

1  .  14 

44. 

Ij  Ij 

1.11 

1.11 

1.11 

1.11 

1 .  1£ 

1 .  1  £ 

1 .  1  £ 

1 .  1  £ 

1.13 

48. 

0  ij 

1.10 

1.11 

1.11 

1.11 

1.11 

1.11 

1.11 

1 .  1  £ 

1.13 

48. 

i  j  0 

1.10 

1.10 

1.10 

1.10 

1.11 

1.11 

1.11 

1.11 

1 .  1  £ 

5  0 . 

0  0 

1 .  09 

1 .  1  0 

1.10 

1.10 

1.10 

1.10 

1.10 

1.11 

1.11 

5£. 

0  0 

1 .  09 

1 .  09 

1 .  09 

1 .  0* 

1 .  1  0 

1.10 

1.10 

1.10 

1.11 

54. 

0  0 

1 .  09 

1 .  09 

1  .  09 

1 .  0* 

1  .  09 

1  .  09 

1  .  1  0 

1 .  1  0 

1  .  1  0 

58. 

ij  0 

1 .  08 

1 .  08 

1 . 09 

1  .  09 

1 .  09 

1  .  09 

1  .  09 

2  .  09 

1.10 

cr 

Ij  II 

1 .  08 

1 .  08 

1  .  08 

1  .  08 

1  .  0* 

1  .  09 

1  .  09 

1  .  09 

1  .  1  0 

6  0  - 

0 1  j 

1 .  08 

1 .  08 

1 .  08 

1 . 08 

1 .  08 

1 .  08 

1  .  09 

1  .  09 

1  .  09 

63 . 

1  j  1  j 

1 .  07 

1 .  08 

1 . 08 

1 .  08 

1 .  08 

1 .  08 

1 .  08 

1  .  08 

1  .  09 

84. 

1  j  Ij 

1 .  07 

1  .  07 

1 .  07 

1  .  08 

1 .  08 

1 .  08 

1  .  08 

1  .  08 

1  .  09 

66 . 

0 1  j 

1 .  07 

1 .  07 

1 .  07 

1 .  07 

1 .  07 

1  .  08 

1 .  08 

1  .  08 

1  .  08 

63 . 

1  j  1  j 

1 .  07 

1 .  07 

1 .  07 

1  .  07 

1 .  07 

1  .  07 

1 .  07 

1  .  08 

1  .  08 

7  0. 

0  0 

1 .  07 

1  .  07 

1 .  07 

1 .  07 

1 .  0  7 

1  .  07 

1  .  07 

1  .  07 

1  .  08 

i  C  • 

ij  0 

1  .  08 

1  .  08 

1 .  07 

1 . 07 

1  .  07 

1  .  07 

1  .  07 

1  .  07 

1 .  08 

t 


I 


Table  6 

Values  of  h/d  for  4.5-ln.  Concrete  Cover 


h  php  :ize 


i he he:* 

.kC 

r 

*  * 

--'y 

~  1  i_. 

“1  1 

“14; 

-  1  8  I 

It..  Cm 

1 . 43 

1 . 44 

1 . 45 

1 . 45 

1 . 4t 

1.47 

1 . 48 

1 . 5  0 

1 . 54 

1  7 .  0  0 

1 . 39 

1.4i. 

1.41 

1 . 42 

1 . 42 

1.43 

1 . 44 

1 . 4t 

1 . 4* 

IS.  ui'i 

1 . 3t 

1 . 37 

1  .  38 

1 . 38 

1 .  39 

1.40 

1.41 

1 . 42 

1  .  45 

1  *  .  0  1.' 

1 . 34 

1 . 35 

1  .  35 

1  .  36 

1 .  36 

1  .  37 

1  .  38 

i  c 

1  .  48 

SO.  1.1 0 

1 . 32 

1 . 32 

i .  3 

1  .  3  3 

1 .  34 

1  .  35 

1 .  35 

1  .  3  6 

1.39 

SI.  Oil 

1 . 3  0 

1 .  3 1 ' 

1.31 

1.31 

1  .  3c' 

1 . 32 

1  .  3  3 

1  .  34 

1  .  37 

S£ .  On 

1 . 22 

1 . 28 

1 . 29 

1 . 29 

1 . 3  O 

1  . 0 

1.31 

1 .  32 

1  .  34 

SB.  00 

1 .  St. 

1.27 

1 . 27 

1 . 28 

1 . 28 

1 . 2* 

1.2* 

1  .  3  O 

1 . 38 

S'4 .  0  0 

1  .  25 

1 . 25 

1 . 26. 

1 .  St. 

1 . 27 

1 . 27 

1 . 28 

1 . 29 

1  .  3 1 

S5 .  0  0 

1 . 24 

1 . 24 

1 . 25 

1 . 25 

1 . 25 

1  .  c'6 

1 . 26 

1 . 27 

1 . 29 

26.  0  0 

1 . 23 

1.23 

1 . 23' 

1.24 

1 . 34 

1 . 25 

1 . 25 

1  .  c'6. 

1 . 28 

S7 .  Oi'i 

1 . 22 

1 . 22 

i  '■  i- 

A  .  1_  L- 

1 . 23 

1 . 23 

1.23 

1 . 24 

1 . 25 

1 . 26 

SS.  On 

1.21 

2.21 

1.21 

1  •  del 

1 . 22 

1 . 82 

1 . 2  3 

1 . 24 

1 . 25 

29.  0  0 

1 . 2  0 

1 . 2  0 

1.21 

1.21 

1.21 

1 . 22 

1 . 22 

1.23 

1  .  c4 

30.  00 

1.19 

1.1* 

1 . 2  0 

1 . 2  0 

1 . 2  0 

1.21 

1 . 2 1 

1.22 

1 . 23 

32 .  0  0 

1.  12 

1.18 

1.18 

1.19 

1.19 

1.1* 

1.19 

1 .  2  Ci 

1.21 

34.  0  0 

1.16 

1.17 

1.17 

1.17 

1.18 

1.18 

1  .  1 8 

1.19 

1 . 2  0 

36.  0  0 

1.15 

1.16 

1.16 

1.16 

1.16 

1.17 

1  .  17 

1.17 

1 .  19 

33.  0  0 

1.15 

1.15 

1.15 

1.15 

1.15 

1.16 

1.16 

1  .  It 

1.17 

40.  0  0 

1 .  14 

1.14 

1  .  14 

1.14 

1  .  14 

1.15 

1.15 

1.15 

1  .  It 

42.  0  0 

1 .  1 3 

1 .  1  3 

1.13 

1.14 

1.14 

1.14 

1  .  14 

1  .  15 

1.15 

44 .  0  0 

1.12 

1.12 

1.13 

1.13 

1.13 

1 .  1 3 

1.13 

1.14 

1.15 

46.  00 

1.12 

1.12 

1.12 

1.12 

1.12 

1  .  1 3 

1 .  1  3 

1.13 

1.14 

43.  0  0 

1.11 

1.11 

1.11 

1.12 

1.12 

1.12 

1.12 

1.13 

1.13 

50.  0  0 

1.11 

1.11 

1.11 

1.11 

1.11 

1.11 

1.12 

1.12 

1.13: 

52 .  0  0 

1.10 

1.10 

1.10 

1.11 

1.11 

1.11 

1.11 

1.11 

1.12 

54.  0  0 

1 .  1  0 

1 .  1  0 

1.10 

1.10 

1.10 

1.11 

1.11 

1.11 

1.12 

56 .  0  0 

1 .  09 

1.10 

1  .  1  0 

1.10 

1.10 

1.10 

1 .  1  0 

1.11 

1.11 

53.  00 

1 .  09 

1 .  09 

1  .  09 

1  .  09 

1 .  1  0 

1 .  1  0 

1  .  1  0 

1  .  1  0 

1.11 

60.  0  0 

1 . 09 

1 . 09 

1  .  09 

1 .  09 

1 .  09 

I  .  09 

1  .  09 

1.10 

1  .  1  0 

62 .  00 

1 .  08 

1 . 09 

1 .  09 

1 .  09 

1 .  09 

1 .  0* 

1 .  09 

1  .  09 

1.10 

64 . 0  0 

1 . 08 

1 . 08 

1 . 02 

1 .  08 

1 .  09 

1  .  09 

1 .  09 

1  .  09 

1  .  1  0 

66 .  0  0 

1 .  08 

1  .  08 

1 . 08 

1 .  08 

1 .  08 

1  .  08 

1 .  09 

1  .  09 

1  .  09 

68.  00 

1 . 08 

1 . 08 

1 . 08 

1 .  08 

1  .  02 

1 .  08 

1  .  08 

1  .  09 

►-* 

V 

70.  00 

1 .  07 

1 . 07 

1 . 08 

1 . 08 

1  .  08 

1  .  08 

1 .  08 

1  .  08 

1  .  09 

72.  00 

1 . 07 

1 . 07 

1  .  07 

1 . 07 

1  .  08 

1 .  08 

1  .  08 

1  .  08 

1  .  08 

Table  8 

Values  of  h/d  for  5.5-in.  Concrete  Cover 


iMfHf ; 1 

..  C 

r-i 

7 

49 

“‘-4 

4  1  M 

4  1  1 

4  14: 

4  1  ::  : 

]  x .  fm 

1 . 43 

1 . 49 

1 . 4'4 

1.5i' 

1.51 

1 . 58 

1 . 5 

1 . 54 

1  n  .- 

19.  "  0 

1 . 44 

1 . 45 

1 . 45 

1 . 4t 

1.4, 

1 . 4:- 

1 . 4:- 

1.3" 

: .  34 

C.'  0  .  Ml! 

1.41 

1 . 48 

1 . 48 

1.4': 

1 . 44 

1.44 

1  .  45 

1 . 4t- 

1.5" 

8  1  .  0  9 

1  .  93 

1  .  .-.9 

1 . 39 

1.4" 

1.41 

1.41 

!  .  48 

1.4 

!  .  4t 

88  .  no 

1  .  ST. 

1  .  36 

1  .  37 

1 . 38 

1  .  3  9 

1  .  39 

1  .  .-"4 

1.41 

1.4 

83.  Of 

1 . 34 

1  .  34 

1 . 35 

1  .  ?5 

1  . 

1  .  36. 

1  7* 

1  .  '.5 

1.4.1 

84.  0  0 

1 . 33 

1 . 08 

1  #  3  2; 

1  .  39: 

1 .  :-4 

1  .  34 

1 . 35 

1  .  ::r~ 

1  .  33 

85.  00 

1 . 3  0 

1 . 3 1 

1.31 

1 . 38 

1  .  38 

1  # 

1 . 3  3 

1  .  34 

1  .  36 

86.  0  0 

1 . 89 

1 . 8  x 

1 . 3  0 

1 . 31' 

1  .  3  0 

1.31 

1 . 3 1 

1  .  38 

1  .  34 

97.  00 

1 . 97 

1  -•  o 

1  m  L. 

1 . 88 

1.89 

1 . 89 

i .  89 

1 .  ?  0 

1.31 

1  .  3  3 

88.  0  0 

1 . 96 

1.87 

1.87 

1 . 87 

1 . 88 

1 . 88 

1 . 88 

1 . 89 

1.31 

99.  0  0 

1.95 

1 . 85 

1 . 86 

1  .  c‘6 

!  .  c‘6 

1 . 87 

1 . 87 

1 . 88 

1 .  2'  0 

JO.  00 

1.84 

1 . 84 

1 . 85 

1 . 85 

1 . 85 

1  .  C,fT' 

1 . 86 

1 . 87 

1 . 88 

99.  00 

1 . 88 

1 . 88 

1 . 83 

1 . 83 

*  “■ 

J.  .  L_ 

1  .  u'4 

1 . 84 

1  .  85 

1 . 86 

34.  0  0 

1.81 

1.81 

1.81 

1.81 

1 . 88 

1 . 88 

1  .  88 

1.82 

1 . 84 

36.  on 

1.19 

1 . 8  0 

1 . 8  0 

1 . 8  0 

1 . 8  0 

1.81 

i  .81 

1 . 8  1 

1.83 

38 .  0  0 

1.18 

1.18 

1.19 

1.19 

1.19 

1.19 

1 . 8  0 

1.80 

1.81 

4  0 .  0  0 

1.  17 

1.17 

1 .  17 

1.18 

1.18 

1.18 

1 .  1 8 

1.19 

1 . 8  0 

49.  0  0 

1 .  16 

1.16 

1.16 

1.17 

1.17 

1.17 

1.17 

1.18 

1  .  1  9 

44.  0  0 

1.15 

1.15 

1.16 

1.16 

1.16 

1.16 

1.16 

1.18 

1.18 

46.  0  0 

1.  14 

1.15 

1.15 

1.15 

1.15 

1.15 

1.16 

1.16 

1.17 

43 . 0  0 

1.14 

1.14 

1 .  14 

1  .  14 

1 .  14 

1  .  15 

1 .  15 

1  .  15 

1.16 

5  0 .  0  0 

1 .  1 3 

1.13 

1.13 

1.14 

1.14 

1  .  14 

1.14 

1.15 

1.15 

59.  00 

1.13 

1.13 

1.13 

1.13 

1.13 

1 .  1 3 

1 .  14 

1  .  14 

1.15 

54.  0  0 

1.18 

1.18 

1  .  18 

1.13: 

1 .  1  8: 

1.13 

1.13 

1.13 

1.14 

56 .  0  0 

1.18 

1.18 

1  .  18 

1.18 

1  .  18 

1.18 

1.18 

1.13 

1.13 

53.  0  0 

1.11 

1.11 

1.11 

l .  18 

1.18 

1.18 

1.18 

1.18 

1.18: 

60.  0  0 

1.11 

1.11 

1.11 

1.11 

1.11 

1.11 

1  .  18 

1.18 

1.18 

69.  0  0 

1.10 

1.10 

1.11 

1.11 

1.11 

1.11 

1.11 

1.11 

1.18 

64.  0  0 

1.10 

1.10 

1.10 

1  .  1  0 

1  .  1  0 

1.11 

1.11 

1.11 

1.18 

66 .  0  U 

1.10 

1.10 

1.10 

1.10 

1.10 

1.10 

1.10 

1.11 

1.11 

68.  0  0 

1 .  09 

1 .  09 

1.10 

1.10 

1.10 

1.10 

1.10 

1.10 

1.11 

70.  0  0 

1 .  09 

1 .  09 

1 .  09 

1 .  09 

1  .  09 

1.10 

1.10 

1.10 

1.10 

79.  0  0 

1 .  09 

1 .  09 

1  .  09 

1 .  09 

1  .  09 

1  .  09 

1  .  09 

1.10 

1.10 

Table  9 
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Figure  1.  Strength  reduction  factor,  $ 
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Figure  2.  Notation  and  limitation,  single  rein¬ 
forced  members 
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moment  strength  interaction  diagram  for  single  reinforced  members 


Figure  9.  Load-moment  strength  interaction 
(f'=3ksi,  f  =  48  ksi 
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Figure 


Figure  12.  Load-moment  strength  interaction  diagram  for  single  reinforce 
(f'  =  3  ksi,  f  =  48  ksi,  and  h/d  =  1.50) 
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Figure  13.  Load-moment  strength  interaction  diagram  for  single  reinforced 
members  ( f '  =  4  ksi,  f  =40  ksi,  and  h/d  =  1.10) 
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Figure  14.  Load-moment  strength  interaction  diagram  for  single  reinforced 
members  (f'  =  4  ksi,  f  =40  ksi,  and  h/d  =  1.20) 


diagram  for  single  reinforced 
,  and  li/d  =  1.30) 


Load-moment  strength  interaction  diagram  for  single  reinforce 
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Figure  18.  Load-moment  strength  interaction 
members  ( f '  =  A  ks i ,  f  =  48  ksi 


2.25 


Figure  19.  Load-moment  strength  interaction  diagram  for  single  reinforced 
members  (f'  =  4  ksi,  f  =48  ksi,  and  h/d  =  1.20) 
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Figure  23.  Load-moment  strength  interaction  diagram  for  single  reinforced 
members  ( f '  =  5  ksi,  f  =40  ksi,  and  h/d  =  1.10) 
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Figure  26.  Load-moment  strength  interaction  diagram  for  single  reinforced 
members  (f*  =  5  ksi,  f  =  40  ksi,  and  h/d  =  1.40) 
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Figure  29.  Load-moment  strength  interaction  diagram  for  single  reinforced 
members  ( f '  =  5  ksi,  f  =  A8  ksi,  and  h/d  =  1.20) 


Load-moment  strength  interaction  diagram  for  single  reinforce 
members  (f1  =  5  ksi,  f  =  48  ksi,  and  h/d  =  1.30) 
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Figure  31.  Load-moment  strength  interaction  diagram  for  single  reinforced 
members  (f'  =  5  ksi,  f  =48  ksi,  and  h/d  =  1.40) 


interaction  diagram  for  single  reinforced 


moment  strength  interaction  diagram  for  double  reinforced  members 
.,  f  =  AO  ksi,  h/d  =  1.10,  d'/d  =  0.10,  and  p  =  0.0025) 


moment  strength  interaction  diagram  for  double  reinforced  members 
.,  f  =40  ksi,  h/d  =  1.30,  d'/d  =  0.30,  and  p  =  0.0023) 


Lag ram  for  double  reinforced  members 
d'  /d  =  0.40,  and  p  =  0.00J5) 
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Figure  41.  Load-moment  strength  interaction  diagram  for  double  reinforced  members 
(f  =  3  ksi ,  f  =  40  ksi ,  h/d  =  1.30,  d'/d  =  0.30,  and  p  =  0.0050) 


Figure  43.  Load-moment  strength  interaction  diagram  for  double  reinforced  members 
(f'  =  3  ksi ,  f  =  40  ksi ,  h/d  =  1.50,  d'/d  =  0.50,  and  p  =  0.0050) 
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Figure  44.  Load-moment  strength  interaction  diagram  for  double  reinforced  members 
(f'  =  3  ksi,  f  =  40  ksi,  h/d  =  1.10,  d’/d  =  0.10,  and  p  =  0.0073) 


Figure  45.  Load-moment  strength  interaction  diagram  for  double  reinforced  members 
(f ’  =  3  ksi ,  f  =  40  ksi,  h/d  =  1.20,  d'/d  =  0.20,  and  p  =  0.0075) 


moment  strength  interaction  diagram  for  double  reinforced  members 
,  f  =  40  ksi,  h/d  =  1.30,  d'/d  =  0.30,  and  n  =  0.0075) 
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moment  strength  interaction  diagram  for  double  reinforced  members 
,  f  =  40  ksi,  h/d  =  1.20,  d'/d  =  0.20,  and  p  =  0.0100) 
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Load-moment  strength  interaction  diagram  for  double  reinforced  members 
(f'_  =  3  ksi,  f  =  AO  ksi,  li/d  =  1.10,  and  d’/d  =  0.10) 


Figure  56.  Load-moment  strength  interaction  diagram  for  double  reinforced  members 
(f *  =  3  ksi,  f  =  AO  ksi,  h/d  =  1.30,  and  d’/d  =  0.30) 


Figure  57.  Load-moment  strength  interaction  diagram  for  double  reinforced  members 
(f'  =  3  ksi,  f  =40  ksi,  h/d  =  1.40,  and  d'/d  =  0.40) 


Figure  58.  Load-moment  strength  interaction  diagram  for  double  reinforced  members 
(f  *  =  3  ksi,  f  =  AO  ksi ,  h/d  =  1.50,  and  d'/d  =  0.50) 
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Figure  59.  Load-moment  strength  interaction  diagram  for  double  reinforced  members 
(f'  =  3  ksi ,  f  =  48  ksi ,  h/d  =  1.10,  d'/d  =  0.10,  and  p  =  0.0025) 


moment  strength  interaction  diagram  for  double  reinforced  members 
.,  f  =  48  ksi,  h/d  =  1.20,  d'/d  =  0.20,  and  p  =  0.0025) 


Figure  61.  Load-moment  strength  interaction  diagram  for  double  reinforced  members 
(f'  =  3  ksi ,  f  =  48  ksi ,  h/d  =  1.30,  d'/d  =  0.30,  and  p  =  0.0025) 


moment  strength  interaction  diagram  for  double  reinforced  members 
f  =  48  ksi ,  h/d  =  1.40,  d’/d  =  0.40,  and  p  =  0.0025) 


moment  strength  interaction  diagram  for  double  reinforced  members 
,  f  =  48  ksi ,  h/d  =  1.50,  d’/d  =  0.50,  and  p  =  0.0025) 


Figure  64.  Load-moment  strength  interaction  diagram  for  double  reinforced  members 
(f'  =  3  ksi ,  f  =  48  ksi ,  h/d  =  1.10,  d'/d  =  0.10,  and  p  =  0.0050) 


Figure  65.  Load-moment  strength  interaction  diagram  for  double  reinforced  members 
( f ’  =  3  ksi ,  f  =  48  ksi ,  h/d  =  1.20,  d'/d  =  0.20,  and  p  =  0.0050) 
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Figure  68.  I.oad-moment  strength  interaction  diagram  for  double  reinforced  members 
( f '  =  3  ksi ,  f  =  48  ksi,  h/d  =  1.50,  d'/d  =  0.50,  and  r  =  0.0050) 
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Figure  69.  Load-moment  strength  interaction  diagram  for  double  reinforced  members 
(f ’  =  3  ksi,  f  =  48  ksi ,  h/d  =  1.10,  d'/d  =  0.10,  and  p  =  0.0075) 


■moment  strength  interaction  diagram  for  double  reinforced  members 
.,  f  =  48  ksi,  h/d  =  1.20,  d’/d  =  0.20,  and  p  =  0.0075) 


Figure  71.  Loa  tnent  strength  interaction  diagram  for  double  reinforced  members 

(f'  =  3  ’  f  =  48  ksi,  h/d  =  1.30,  d'/d  =  0.30,  and  p  =  0.0075) 


moment  strength  interaction  diagram  for  double  reinforced  members 
,  f  =  48  ksi ,  h/d  =  1.50,  d'/d  =  0.50,  and  p  =  0.0075) 


Figure  74.  Load-moment  strength  interaction  diagram  for  double  reinforced  members 
(f'  =  3  ksi,  f  =  48  ksi ,  h/d  =  1.10,  d’/d  =  0.10,  and  p  =  0.0100) 


■moment  strength  interaction  diagram  for  double  reinforced  members 
’  f  =  48  ksi,  h/d  =  1.20,  d'/d  =  0.20,  and  p  =  0.0100) 


moment  strength  interaction  diagram  for  double  reinforced  members 
.,  f  =48  ksi,  h/d  =  1.30,  d'/d  =  0.30,  and  p  =  0.0100) 


moment  strength  interaction  diagram  for  double  reinforced  members 
..  f  =  48  ksi ,  h/d  =  1.40,  d'/d  =  0.40,  and  p  =  0.0100) 


Figure  78.  Load-moment  strength  interaction  diagram  for  double  reinforced  members 
(f’  =  3  ksi,  f  =  48  ksi,  h/d  =  1.30,  d'/d  =  0.50,  and  p  =  0.0100) 


rength  in  ier;ic  L  io:i  diagram  for  double  reinforced  members 
f  =  48  ksi,  li/d  =  1.10,  and  d'/d  =  0.10) 
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Figure  80.  Load-moment  strength  interaction  diagram  for  double  reinforced  members 
(f*  =  3  ksi,  f  =  '.8  ksi,  h/d  =  1.20,  and  d’/d  =  0.20) 


Figure  82.  Load-moment  strength  interaction  diagram  for  double  reinforced  members 
( f ’  =  3  ksi,  f  =  48  ksi,  h/d  =  1.40,  and  d'/d  =  0.40) 


■moment  strength  interaction  diagram  for  double  reinforced  members 
f  =  40  ksi,  h/d  =  1.10,  d’/d  =  0.10,  and  p  =  0.0025) 


moment  strength  interaction  diagram  for  double  reinforced  members 
,  f  =  40  ksi,  h/d  =  1.20,  d'/d  =  0.20,  and  r  =  0.0025) 


Figure  86.  Load-moment  strength  interaction  diagram  for  double  reinforced  members 
(f'  =  4  ksi,  f  =  40  ksi ,  h/d  =  1.30,  d ' /d  =  0.30,  and  p  =  0.0025) 


rength  interaction  diagram  for  double  reinforced  members 
)  ksi,  h/d  =  1.40,  d'/d  =  0.40,  and  p  =  0.0025) 


interaction  diagram  for  double  reinforced  members 
h/d  =  1.50,  d'/d  =  0.50,  and  p  =  0.0025) 


Figure  89.  Load-moment  strength  interaction  diagram  for  double  reinforced  members 
(f'  =  4  ksi,  f  =  40  ksi ,  h/d  =  1.10,  d'/d  =  0.10,  and  p  =  0.0050) 


Figure  91.  Load-moment  strength  interaction  diagram  for  double  reinforced  members 
(f'  =  4  ksi ,  f  =  40  ksi,  h/d  =  1.30,  d'/d  =  0.30,  and  p  =  0.0050) 


Figure  92.  Load-moment  strength  interaction  diagram  for  double  reinforced  m 
(f'  =  A  ksi,  f  =  AO  ksi ,  h/d  =  1.A0,  d'/d  =  0.A0,  and  p  =  0.0050) 


Figure  93.  Load-moment  strength  interaction  diagram  for  double  reinforced  members 
(f'  =  A  ksi ,  f  =  40  ksi,  h/d  =  1.30,  d’/d  =  0.50,  and  p  =  0.0050) 


Figure  95.  Load-moment  strength  interaction  diagram  for  double  reinforced  members 
(f'  =  4  ksi,  f  =  40  ksi ,  h/d  =  1.20,  d'/d  =  0.20,  and  p  =  0.0075) 


moment  strength  interaction  diagram  for  double  reinforced  members 
f  =  40  ksi,  h/d  =  1.30,  d’/d  =  0.30,  and  p  =  0.0075) 


moment  strength  interaction  diagram  for  double  reinforced  members 
,  f  =  40  ksi,  h/d  =  1.40,  d'/d  =  0.40,  and  p  =  0.0075) 


Figure  98.  Load-moment  strength  interaction  diagram  for  double  reinforced  members 
(f'  =  4  ksi,  f  =  40  ksi,  h/d  =  1.50,  d'/d  =  0.50,  and  p  =  0.0075) 


Figure  99.  Load-moment  strength  interaction  diagram  for  double  reinforced  members 
(f'  =  4  ksi,  f  =  40  ksi,  h/d  =  1.10,  d'/d  =  0.10,  and  p  =  0.0100) 


Figure  102.  Load-moment  strength  interaction  diagram  for  double  reinforced  members 
( f ’  =  4  ksi,  f  =  40  ksi ,  h/d  =  1.40,  d'/d  =  0.40,  and  p  =  0.0100) 


rength  interaction  diagram  for  double  reinforced  members 
ksi,  h/d  =  1.30,  d'/d  =  0.50,  and  p  =  0.0100) 


Figure  105.  Load-moment,  strength  interaction  diagram  for  double  reinforced  members 
(f  =  4  ksi,  f  =  40  ksi,  h/d  =  1.20,  d’/d  -  0.20,  and  ;  =  0.0125) 


moment  strength  interaction  diagram  for  double  reinforced  members 
f  =  40  ksi ,  h/d  =  1.30,  d'/d  =  0.30,  and  p  =  0.0125) 


moment  strength  interaction  diagram  for  double  reinforced  members 
f  =  40  ksi ,  h/d  =  i . 40 ,  d'/d  =  0.40,  and  p  =  0.0125) 


01  0 


Figure  110.  Load-moment  strength  interaction  diagram  for  double  reinforced  members 
( f ’  =  4  ksi,  f  =  40  ksi ,  h/d  =  1.20,  and  d'/d  =  0.20) 


8.0 


strength  internet  ion  diagram  for  double  reinforced  members 
,  f  =  40  ksi,  h/d  =  1.40,  and  d'/d  =  0.40) 


8.0 


Figure  113.  Load-moment  strength  internet  ion  diagram  for  double  reinforced  members 
(f'  =  4  ksi,  f  =  40  ksi,  h/d  =  1.50,  nod  d'/d  =  0.50) 


Figure  115.  Load-moment  strength  interaction  diagram  for  double  reinforced  members 
(f'  =  4  ksi,  f  =  48  ksi ,  h/d  =  1.20,  d'/d  =  0.20,  and  p  =  0.0025) 


moment  strength  interaction  diagram  for  double  reinforced  members 
f  =  48  ksi ,  h/d  =  1.30,  d'/d  =  0.30,  and  p  =  0.0025) 


Figure  117.  Load-moment  strength  interaction  diagram  for  double  reinforced  members 
(f1  =  4  ksi,  f  =  48  ksi ,  h/d  =  1.40,  d'/d  =  0.40,  and  p  =  0.0025) 


Figure  118.  Load-moment  strength  interaction  diagram  for  double  reinforced  members 
(f'  =  4  ksi,  f  =  48  ksi,  h/d  =  1.50,  d'/d  =  0.50,  and  p  =  0.0025) 
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Figure  119.  Load-moment  strength  interaction  diagram  for  double  reinforced  members 
(f'  =  4  ksi ,  f  =  48  ksi,  h/d  =  1.10,  d'/d  =  0.10,  and  p  =  0.0050) 


Load-moment  strength  interaction  diagram  for  double  reinforced  members 
ksi,  f  =  48  ksi,  h/d  =  1.30,  d'/d  =  0.30,  and  p  =  0.0050) 


OS 


Figure  123.  Load-moment  strength  interaction  diagram  for  double  reinforced  members 
(f '  =  4  ksi,  f  =  48  ksi,  h/d  =  1.50,  d’/d  =  0.50,  and  p  =  0.0050) 


tion  diagram  for  double  reinforced  members 
.10,  d'/d  =  0.10,  and  p  =  0.0075) 
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moment  strength  interaction  diagram  for  double  reinforced  members 
f  =  A8  ksi,  h/d  =  1.30,  d'/d  =  0.30,  and  p  =  0.0075) 


moment  strength  interaction  diagram  for  double  reinforced  members 
f  =  48  ksi,  h/d  =  1.40,  d'/d  »  0.40,  and  p  =  0.0075) 


Figure  128.  Load-moment  strength  interaction  diagram  for  double  reinforced  members 
(f'  =  4  ksi,  f  =  48  ksi ,  h/d  =  1.50,  d'/d  =  0.50,  and  p  =  0.0075) 


p«0Q«f>Qtf>pi0Otr>Otf>O 


Figure  130.  Load-moment  strength  interaction  diagram  for  double  reinforced  members 
(f’  =  A  ksi,  f  =  A8  ksi ,  h/d  =  1.20,  d'/d  =  0.20,  and  p  =  0.0100) 


32.  Load-moment  strength  interaction  diagram  for  double  reinforced  members 
'  =  4  ksi,  f  =  48  ksi ,  h/d  =  1.40,  d'/d  =  0.40,  and  p  =  0.0100) 


Figure  133.  Load-moment  strength  interaction  diagram  for  double  reinforced  members 
(f'  =  4  ksi,  f  =48  ksi,  h/d  =  ].50,  d'/d  =  0.50,  and  p  =  0.0100) 


010 


•moment  strength  interaction  diagram  for  double  reinforced  members 


8.0 


Figure  138.  Load-moment  strength  interaction  diagram  for  double  reinforced  members 
(f'  =  4  ksi,  f  =  48  ksi,  h/d  =  1.50,  and  d'/d  =  0.50) 


Figure  139.  Load-moment  strength  interaction  diagram  for  double  reinforced  members 
( f '  =  5  ksi,  f  =  40  ksi ,  h/d  =  1.10,  d'/d  =  0.10,  and  p  =  0.0025) 


■moment  strength  interaction  diagram  for  double  reinforced  members 
f  =  40  ksi,  h/d  =  1.20,  d'/d  =  0.20,  and  p  =  0.0025) 


■moment  strength  interaction  diagram  for  double  reinforced  members 
f  =  40  ksi,  h/d  =  1.30,  d'/d  *  0.30,  and  p  =  0.0025) 


Load-moment  strength  interaction  diagram  for  double  reinforced  members 
5  ksi,  f  =  40  ksi,  h/d  =  1.40,  d'/d  =  0.40,  and  p  =  0.0025) 


S200  0 


Figure  144.  Load-moment  strength  interaction  diagram  for  double  reinforced  members 
(f *  =  5  ksi,  f  =  40  ksi,  h/d  =  1.10,  d'/d  =  0.10,  and  p  =  0.0050) 


■moment  strength  interaction  diagram  for  double  reinforced 
f  =  40  ksi ,  h/d  =  1.20,  d'/d  =  0.20,  and  p  =  0.0050) 


Figure  147.  Load-moment  strength  interaction  diagram  for  double  reinforced  members 
(f'  =  5  ksi,  f  =  40  ksi,  h/d  =  1.40,  d'/d  =  0.40,  and  p  =  0.0050) 
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Figure  149.  Load-moment  strength  interaction  diagram  for  double  reinforced  members 
(f ’  =  5  ksi ,  f  =  40  ksi ,  h/d  =  1.10,  d'/d  =  0.10,  and  p  =  0.0075) 


moment  strength  interaction  diagram  for  double  reinforced  members 
f  =  40  ksi,  h/d  =  1.20,  d'/d  =  0.20,  and  p  =  0.0075) 


Figure  151.  Load-moment  strength  interaction  diagram  for  double  reinforced  members 
(f'  =  5  ksi,  f  =  40  ksi,  h/d  =  1.30,  d’/d  =  0.30,  and  p  =  0.0075) 
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Figure  153.  Load-moment  strength  interaction  diagram  for  double  reinforced  members 
(f‘  =  5  ksi,  f  =40  ksi,  h/d  =  1.50,  d'/d  =  0.50,  and  p  =  0.0075) 


Figure  154.  Load-moment  strength  interaction  diagram  for  double  reinforced  members 
(f'  =  5  ksi,  f  =  40  ksi ,  h/d  =  1.10,  d'/d  =  0.10,  and  p  =  0.0100) 


Figure  155.  Load-moment  strength  interaction  diagram  for  double  reinforced  members 
(f'  =  5  ksi,  f  =  40  ksi,  h/d  =  1.20,  d'/d  =  0.20,  and  p  =  0.0100) 


Figure  156.  Load— moment  strength  interaction  diagram  for  double  reinforced  members 
(f*  =  5  ksi,  f  40  ksi,  h/d  =  1.30,  df/d  =  0.30,  and  p  =  0.0100) 


moment  strength  interaction  diagram  for  double  reinforced 
f  =  40  ksi,  h/d  =  1.40,  d'/d  =  0.40,  and  p  =  0.0100) 


IS*  • 


moment  strength  interaction  diagram  for  double  reinforced  members 
f  =  AO  ksi ,  h/d  =  1.10,  d'/d  =  0.10,  and  p  =  0.0125) 


Figure  161.  Load-moment  strength  interaction  diagram  for  double  reinforced  members 
( f '  =  5  ksi ,  f  =  40  ksi ,  h/d  =  1.30,  d'/d  =  0.30,  and  p  =  0.0125) 
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■moment  strength  interaction  diagram  for  double  reinforced  members 
f  =  40  ksi,  h/d  =  1.50,  d'/d  =  0.50,  and  p  =  0.0125) 
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Figure  L65.  Load-moment  strength  interaction  diagram  for  double  reinforced  members 
( f ’  =  5  ksi,  f  =  40  ksi,  h/d  =  1 .20,  and  d'/d  =  0.20) 
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Load-moment  strength  interaction  diagram  for  double  reinforced  members 
<fc  =  5  ksi>  fv  =  40  ksl»  h/d  =  1-30.  and  d'/d  -  0.30) 


8.0 


i  interaction  diagram  for  double  reinforced  members 
40  ksi,  h/d  =  1.40,  and  d'/d  =  0.40) 


Figure  168.  Load-moment  strength  interaction  diagram  for  double  reinforced  members 
(f'  =  5  ksi,  f  =  40  ksi,  h/d  *  ].50,  and  d'/d  =  0.50) 


Figure  169.  Load-moment  strength  interaction  diagram  for  double  reinforced  members 
(f  =  5  ksi,  f  =  48  ksi,  h/d  =  I. 10,  d’/d  =  0.10,  and  p  =  0.0025) 


Figure  170.  Load-moment  strength  interaction  diagram  for  double  reinforced  members 
({’  =  5  ksi,  f  =  48  ksi,  h/d  =  1.20,  d'/d  =  0.20,  and  p  =  0.0025) 


■moment  strength  interaction  diagram  for  double  reinforced  members 
f  =  48  ksi,  h/d  =  1.30,  d'/d  =  0.30,  and  p  =  0.00251 


5  ksi,  f  =  48  ksi,  h/d  =  1.50,  d'/d  =  0.50,  and  p  =  0.0025) 


■moment  strength  interaction  diagram  for  double  reinforced  members 
f  =  48  ksi,  h/d  =  1.10,  d'/d  =  0.10,  and  p  =  0.0050) 


moment  strength  interaction  diagram  for  double  reinforced  members 
f  =  48  ksi,  h/d  =  1.20,  d'/d  =  0.20,  and  p  =  0.0050) 


double  re  i  nfi>  reed  members 
,  and  =  0.0050) 


Figure  177.  Load-moment  strength  interaction  diagram  for  double  reinforced  members 
(f'  =  5  ksi,  f  =  48  ksi ,  h/d  =  1.40,  d'/d  =  0.40,  and  r  =  0.0030) 


Figure  178.  Load-moment  strength  interaction  diagram  for  double  reinforced  members 
(f'  =  5  ksi,  f  =  48  ksi ,  h/d  =  1.50,  d'/d  =  0.50,  and  p  =  0.0050) 


179.  Load-moment  strength  interaction  diagram  for  double  reinforced  members 
f'  =  5  ksi,  f  =  48  ksi,  h/d  =  1.10,  d’/d  =  0.10,  and  p  =  0.0075) 


Figure  180.  Load-moment  strength  interaction  diagram  for  double  reinforced  members 
(f’  =  5  ksi,  f  =  48  ksi,  h/d  =  1.20,  d'/d  =  0.20,  and  p  =  0.0075) 


Figure  181.  Load-moment  strength  interaction  diagram  for  double  reinforced  members 
(f'  =  5  ksi,  f  =  48  ksi ,  h/d  =  1.30,  d'/d  =  0.30,  and  p  =  0.0075) 


Figure  182.  Load-moment  strength  interaction  diagram  for  double  reinforced  members 
(f'  =  5  ksl,  f  *  48  ksi ,  h/d  =  1.40,  d'/d  =  0.40,  and  p  =  0.0075) 


Figure  183.  Load-moment  strength  interaction  diagram  for  double  reinforced  members 
(f'  =  5  ksi,  f  =  48  ksi,  h/d  =  1.50,  d'/d  =  0.50,  and  p  =  0.0075) 


•moment  strength  interaction  diagram  for  double  reinforced  members 
f  =  48  ksi ,  h/d  =  1.10,  d’/d  =  0.10,  and  p  =  0.0100) 


00100 


trength  interaction  diagram  for  double  reinforced  members 
8  ksi ,  h/d  =  1.30,  d'/d  =  0.30,  and  p  =  0.0100) 
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moment  stren>  ‘■.h  interaction  diagram  for  double  reinforced  members 
f  =  48  ksi,  h/d  =  1.50,  d'/d  =  0.50,  and  r  =  0.0100) 
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Figure  192.  Load-moment  strength  intai  ’^tion  diagram  for  double  rei 
(f '  =  5  ksi,  f  =  48  ks.,  h/d  =  1.40,  and  d’/d  =  0. 


•moment  strength  interaction  diagram  for  double  reinforced  members 
=  5  ksi,  f  =  48  ksi,  h/d  =  1.50,  and  d'/d  =  0.50) 


APPENDIX  A:  COMMENTARY 

1.  The  considerations  and  background  information  used  in  develop 
ing  the  design  aids  are  discussed  as  follows. 

Values  of  h/d 


2.  Tables  1  through  9  tabulate  the  h/d  values  which  are  needed 
to  select  appropriate  load-moment  strength  interaction  diagrams.  From 
the  sketch  below,  it  can  be  shown  that 


A 

2 


h  =  d 


(1 


where 

h  =  overall  thickness  of  member 

d  =  distance  from  extreme  compression  fiber  to  centroid  of  ten¬ 
sion  reinforcement 

d,  =  nominal  diameter  of  tension  reinforcement 
b 

c  =  clear  concrete  cover 

3.  Dividing  both  sides  of  Equation  1  by  d  ,  one  has 


d,  +  2c 


From  Equation  1, 


d 


(3) 


Substituting  Equation  3  into  Equation  2, 

,  d,  +  2c 

—  =  1  +  - - - 

d  2h  -  d,  -  2c 

b 


(A) 


Tables  1  through  9  were  calculated  using  Equation  A  for  the  most  prac¬ 
tical  bar  sizes  and  concrete  covers  for  hydraulic  structures. 

Strength  Reduction  Factor 


4.  Figure  1  plots  the  strength  reduction  factor  <p  versus 

P  /f'bh  .  According  to  AC1  318-77,*  the  d>  may  be  increased  from  that 
u  c 

for  compression  members  to  the  0.9  value  permitted  for  flexure  as  the 


design  axial  load  strength  iJjP^  decreases  from  a  specified  value  to 

zero.  The  value  selected  by  ACI  318-77  was  0.10  f'A  ,  which  may  be 

eg 

used  for  sections  with  symmetrical  reinforcement  provided  f  does  not 

exceed  60,000  psi  and  the  distance  yh  (distance  between  Ag  and  A^) 

is  not  less  than  0.7h  .  For  other  conditions,  P,  must  be  calculated 

b 

in  accordance  with  ACI  318-77  to  determine  the  upper  value  of  design 

axial  load  strength  <1>P  (less  of  0.10  f'A  or  d>P,  )  below  which  an 

n  c  g  b 

increase  in  d>  can  be  made.  For  hydraulic  structures,  with  p  <  0.25p, 

t 

the  value  of  0.10  f^A^  is  generally  smaller  than  ij>P^  and  computa¬ 
tion  of  P^  is  unnecessary.  Therefore,  for  hydraulic  structures,  the 
strength  reduction  factor  can  be  expressed  as 


<j>  =  0.9  - 


2‘°  *PN 

f'A 
c  g 


(3) 


Equation  5  can  be  rewritten  as 


*  American  Concrete  Institute.  1977.  "Building  Code  Requirements 
for  Reinforced  Concrete,"  ACI  318-77,  Detroit,  Mich.,  hereinafter 
referred  to  as  ACI  318-77. 


(6) 


$  =  0.9  - 


2.0 


P 

u 

f 'bh 


c 


Figure  1  was  plotted  from  Equation  6  with  a  lower  limit  of  <J>  =  0. 70  . 


Interaction  Diagrams 


5.  The  capacity  of  reinforced  concrete  members  subjected  to  com¬ 
bined  flexure  and  axial  load  traditionally  has  been  described  by  plots 
drawn  as  interaction  diagrams  on  which  axial  strength  versus  moment 
strength  is  plotted  for  various  percentages  of  steel.  Each  interaction 

diagram  in  Figures  3  through  32  relates  values  of  (a)  nominal  axial 

2  2 

stress  P^/bd  ,  (b)  nominal  moment  index  P^e/bd  or  M^/bd  ,  (c)  ratio 
of  e/d  ,  and  (d)  reinforcement  ratio  p  .  When  any  two  of  these 
values  are  known,  the  other  two  values  can  be  determined  by  using  the 
interaction  diagram(s)  appropriate  to  f ^  ,  f  ^  ,  and  h/d  values, 
as  illustrated  in  Part  II. 

* 

6.  The  interaction  diagrams  presented  in  this  report  were 
calculated  in  accordance  with  the  strength  design  method  presented  in 
Liu.* 


a.  Design  assumptions  and  general  requirements. 

(1)  Maximum  usable  strain  Cq  at  extreme  concrete  compres¬ 

sion  fiber  should  be  assumed  equal  to  0.003.  The 
allowable  strain  at  extreme  concrete  compression 

fiber  should  be  limited  to  0.5  Cq  for  hydraulic 
structures. 

(2)  Balanced  conditions  exist  at  a  cross  section  when  the 
tension  reinforcement  reaches  the  strain  corresponding 
to  its  specified  yield  strength  fy  just  as  concrete 
in  compression  reaches  its  assumed  allowable  strain 

eM  • 

(3)  Concrete  stress  of  0.85  f'  should  be  assumed  uni- 

c 

formly  distributed  over  an  equivalent  compression  zone 


*  Tony  C.  Liu.  "Strength  Design  of  Reinforced  Concrete  Hydraulic 
Structures;  T-Wall  Design"  (in  preparation).  Technical  Report  SL- 
80-4,  Report  3,  U.  S.  Army  Engineer  Waterways  Experiment  Station,  CE, 
Vicksburg,  Miss. 
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bounded  by  edges  of  the  cross  section  and  a  straight 
line  located  parallel  to  the  neutral  axis  at  a  distance 
a  =  b^G  from  the  fiber  of  maximum  compressive  strain. 

(4)  Factor  1%  should  be  taken  as  0.55  for  concrete 
strengths  f’  up  to  and  including  4000  psi.  For 
strengths  above  4000  psi,  by;  should  be  reduced  con¬ 
tinuously  at  a  rate  of  0.05  for  each  1000  psi  of 
strength  in  excess  of  4000  psi,  but  6^  should  nil  be 
taken  less  than  0.50. 

(5)  The  eccentricity  ratio  e'/d  should  be  defined  as 


r*M) 


where 


e’  is  the  eccentricity  of  axial  load  measured 

from  the  centroid  of  the  tension  reinforcement 

P  is  considered  positive  for  compression  and 
negative  for  tension 

Flexural  and  compressive  capacity — tension  reinforcement 
only. 

(1)  The  design  axial  load  strength  <}>P^  of  compression 
members  should  not  be  taken  greater  than  the  following: 

(a)  Grade  40  steel 

*PN(max)  =  °-70  ^°-85  fc(Ag  "  pbd)  +  fypbd]  (8) 

(b)  Grade  60  steel 

4>Pm,  ,  =  0.70  [0. 85  f '  (A  -  pbd)  +  E  cwpbd](8a) 

h (max)  eg  s  M 

(2)  The  strength  of  a  cross  section  is  controlled  by  com¬ 
pression  if  the  load  has  an  eccentricity  ratio  e'/d 
no  greater  than  that  given  by  Equation  9  and  by  ten¬ 
sion  if  e'/d  exceeds  this  value. 


f  r 

%  0.425  t' 


where 


(3)  Sections  controlled  by  tension  should  be  computed  by 


0PN  =  0(0.85  f^bd  -  fyPbd)  (11) 

and 

*Mn  =  $(0.85  f'kbd  -  fyPbd)[^-  -  (l  -  ^)]d  (12) 

where  k  should  be  determined  from  the  following 
_  .  u 
equation: 


u 


+ 


f  pe ' 

_ X 

0.425  f'd 
c 


(13) 


(4)  Sections  controlled  by  compression  should  be  computed 
by 


<t>P„  =  0(0.85  f'k  bd  -  f  pbd) 
N  c  u  su 

and 


(14) 


0^  =  0(0.85  f^bd  -  f 


where 


(13) 


f 

su 


E  e(6M  -  k  ) 
s  M  M  u 


(lb) 


and  k  should  be  determined  from  the  following 
„  .u 

equation: 


(17) 


(5)  The  balanced  load  and  moment  should  be  computed  using 
Equations  11  and  12  with  k  =  k,  and  e'/d  =  e'/d  . 


The  e£/d  and  k^  are  given  by  Equations  9  and  10, 
respectively . 

c_.  Flexural  and  compression  capacity — tension  and  compres¬ 
sion  reinforcement.* 

(1)  The  design  axial  load  strength  of  compression 

members  should  not  be  taken  greater  than  the 
following: 

(a)  Grade  40  steel 


^PN (max)  =  0,7°  *{°*85  fc  Ug  '  (p  +  p')lbd 


(18a) 


+  fy(p  +  p' )bd  } 


(b)  Grade  60  steel 


*PN(max)  =  °-7°  *{0,85  fc  [Ag  *  (p  +  p')]bd 


(18b) 


+  EgeM(p  +  p' )bd} 


(2)  The  strength  of  a  cross  section  is  controlled  by  com¬ 
pression  if  the  load  has  an  eccentricity  ratio  e’/d 
no  greater  than  that  given  by  Equation  19  and  by  ten¬ 
sion  if  e'/d  exceeds  this  value. 


2kb  "  kb  + 


f'  p’(l  -  i 
su  \ _ < 

0.425  f’ 
c 


d  f  p  f'  p' 

2k  _ _ * _ + _ _ 

b  0.425  f'  0.425  f' 

c  c 

where  is  given  in  Equation  10  and  fgu  is  given 

in  Equation  23  with  k^  =  k^  • 

(3)  Sections  controlled  by  tension  are  computed  by  Equa¬ 
tions  20,  21,  and  23  with  f  =  f 

su  y 

(4)  Sections  controlled  by  compression  should  be  computed 
by 

<j>P„  =  $(0.85  f'k  bd  +  f'  p'bd  -  f  pbd)  (20) 
N  c  u  su  su 


Ties  and  stirrups  should  be  provided  where  compression  reinforcement 
is  used. 
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f 


4>M  =  (0 . 85  f’k  bd  +  f’  p’bd 

T  N  c  u  su 

-  £su»m>[t  -  (l  -  &)]« 

where 


(21) 


f 

su 


EsEM(B1 


(22) 


f '  = 
su 


E  em 
s  M 


k  - 
u 


k 

u 


< 


f 

y 


(23) 


and  k  should  be  determined  from  the  following 
equation: 


k3  +  2 
u 


(f-0 


+ 


(24) 


=  0 


(5)  The  balanced  load  and  moment  should  be  computed  using 
Equations  20-23  with  ku  =  kj,  and  e’/d  =  e£/d  .  The 
e£/d  and  k^  are  given  by  Equations  19  and  10, 
respectively . 

.  Flexural  and  tension  capacity. 

(1)  If  the  load  has  an  eccentricity  ratio  e'/d  <  0  , 
the  4> Pjq  and  <j>M^  should  be  computed  by  Equa¬ 
tions  11-13  disregarding  the  compression  reinforcement, 
if  any. 

(2)  If  the  load  has  an  eccentricity  ratio  1  -  h/2d 

2.  e'/d  >  0  ,  reinforcement  should  be  provided  in  both 
faces  of  the  member  in  the  following  amount. 


Pu(d  -  d’  -  e*) 
As  =  <t»fv(d  -  d’) 


(25) 
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and 


A* 

s 


P  e' 
u _ 

<*.f  (d  -  d') 


(26) 


7.  The  limits  for  positive  and  negative  values  of  e/d  are  given 
in  the  interaction  diagrams  (Figures  2  and  32).  The  positive  limit  of 
e/d  represents  the  point  at  which  the  stress  in  tension  reinforcement 
is  zero.  When  the  positive  value  of  e/d  is  less  than  this  limit,  the 
stress  in  steel  changes  from  tension  to  compression,  and  double  rein¬ 
forced  members  should  be  used.  The  negative  limit  of  e/d  represents 
the  point  at  which  the  axial  tensile  load  is  applied  at  the  tension 
reinforcement.  When  the  negative  value  of  e/d  is  greater  than  this 
limit,  the  applied  tensile  load  lies  between  the  tension  reinforcement 
and  the  centroid  of  the  section.  In  this  case,  double  reinforcement 
members  should  be  used.  The  required  steel  areas  should  be  calculated 
in  accordance  with  Equations  25  and  26. 
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